The species of Abrotanella (Compositae) form mats and cushions a few centimetres high and up to a metre or more in diameter. The flowers are less complex than those of most Compositae and lack a pappus, the usual means of dispersal in the family. There are 20 species, all restricted to mountains of Australasia and southern South America. The putative affinities of Abrotanella involve several tribes of Compositae and the genus is not considered derived within the family. A comparative analysis of areas of endemism in Abrotanella shows clear patterns of vicariance and disjunction shared with many plants and animals, and longdistance dispersal is rejected as an explanation. Abrotanella and the three genera related to it are all restricted to lands bordering the Pacific. Areas previously accepted as areas of endemism, such as New Guinea, Tasmania, New Zealand and southern South America, are shown to be polyphyletic complexes, rather than simple areas. Use of such areas in area cladograms leads to the erroneous interpretation of taxa-area relations as incongruent. Distributions of the taxa in Abrotanella are correlated with tectonic features such as plate margins, transform faults and fracture zones, and processes such as continental rifting, terrane accretion, granite emplacement and orogeny. Abrotanella patearoa sp. nov., a high-alpine cushion-plant, is described from mountains of eastern Central Otago: Rock and Pillar Range, Lammerlaw Range, Umbrella Mountains and Garvie Mountains.
INTRODUCTION
Despite their small size, plants of the genus Abrotanella Cass. (Compositae) have attracted considerable interest because of the problematic affinities of the group and its classic trans-South Pacific distribution in Australasia and southern South America. The likely relatives of Abrotanella also show a trans-Pacific range (Fig. 1) . Plants of Abrotanella are abundant on many mountain ranges and the densely branched cushion habit of several of the alpine species is distinctive. The flowers are less complex than those of most Compositae and notably lack a pappus, the usual means of dispersal in the family. In a recent, detailed revision Swenson (1995b) recognized 18 species in New Guinea, SE Australia, Tasmania, New Zealand, Auckland Islands, Campbell Islands, Juan Fernandez Islands, southern Chile and Argentina, and the Falkland Islands. In subsequent articles Swenson (1996) described a new species from New Zealand, Ecroyd (1996) extended the range of the genus in New Zealand north to the Huiarau Range and Swenson & Bremer (1995 , 1997a provided a cladistic biogeographic analysis of the genus and its relatives. A further new species is described below. There are 13 species of Abrotanella in Australasia and seven in South America. They are prostrate, glabrous, perennial herbs which form loose mats or densely branched cushions up to a metre or more in diameter and only a few centimetres high. The plants occur in moist, open habitats in herbfields and grassland, often among rocks and areas of bare soil. They are sometimes co-dominant in alpine cushion vegetation and plants of A. emarginata (Gaudich) . Cass. of Chile and A. forsteroides (Hook.f.) . Benth. of Tasmania may cover tens of square metres, although most species are much smaller.
These uniformly plagiotropic plants are characteristic of subalpine or alpine landscapes and reach 4100 m altitude in New Guinea. However, six species also grow by the sea: A. submarginata A. Gray occurs at high-water mark in SW Chile, A. purpurea Swenson, A. linearifolia A. Gray and A. spathulata (Hook.f.) Hook.f. are also recorded from sea-level, A. filiformis Petrie (= A. linearis Berggr.) was described from "wet puddles at the head of Paterson Inlet", a coastal bay in southern New Zealand, and A. muscosa Kirk "may descend almost to sea level along brooks" (Wilson, 1987) .
AFFINITIES OF ABROTANELLA
The relationships of Abrotanella have been controversial. Cassini (1825) placed it in the tribe Anthemidae, close to Artemisia L. Bentham (1873a, b) also treated the genus in the Anthemidae, in an informal group he called 'Cotuleae'. These plants were characterized by reduced florets and capitula, and largely southern hemisphere distribution. Bentham treated Abrotanella next to Soliva Ruiz & Pav., a genus of eight South American species, and Baillon (1888) had Abrotanella as a synonym under Soliva, where it represented a 'mountain form'. The 'Cotuleae' have since been abandoned as an artificial group (Gadek, Bruhl & Quinn, 1989) , but the problem of where best to treat Abrotanella has not yet been solved.
In a major break with the Cassini-Bentham tradition Robinson & Brettell (1973a, b) transferred the genus, with the New Guinea Ischnea F. Muell., to the tribe Senecioneae. Nordenstam (1977) followed this and proposed a subtribe Blennospermatinae for Abrotanella and Ischnea, as well as Blennosperma Less. (three species of California and Chile, formerly treated in the tribe Helenieae) and its close relative Crocidium Hook. (one species in Washington, Oregon and British Columbia).
In his major work on the family Bremer (1994) accepted Nordenstam's treatment, although earlier (Bremer, 1987) he had suggested that the position of Abrotanella in the Blennospermatinae was doubtful. This point was also emphasized by Bruhl & Quinn (1990 , 1991 who made a detailed study of fruit anatomy and wrote that "There are some similarities in the structure of the cypselae . . . that may offer support for the affinity between Abrotanella and Ischnea proposed by Robinson & Brettell [1973b] on the basis of pollen structure and micromorphological characters, but our data do not reflect a close relationship". Bruhl & Quinn (1991) found an "absence of distinctive apomorphs uniting Abrotanella and Ischnea" and while the two genera have "some states in common . . . several of these . . . seem likely to be plesiomorphic". They concluded that "Abrotanella and Ischnea are not closely related" and that "although Abrotanella may belong in the Senecioneae, it is not a member of the Blennospermatinae". Vincent & Wilson (1997) also found that the fruits of Abrotanella and Blennosperma were very different from those of other Senecioneae and that the two are 'discordant' in the tribe. It is suggested below that while Abrotanella and Ischnea may not be closely related, their biogeography is compatible with a more distant relationship.
In Jeffrey's (1992) treatment of the tribe Senecioneae, Blennospermatinae is the second, much smaller, of just two subtribes and includes only Blennosperma and Crocidium. Ischnea and Abrotanella are notably excluded from both the subtribe and the tribe. Kim et al. (1992) studied sequences in the rbcL gene in 25 species of Compositae and placed Blennosperma next to Senecio. However, Abrotanella was not examined and Swenson (1995b) reported that attempts to sequence Abrotanella DNA have been unsuccessful.
In a cladogram based on cpDNA data, Knox (1996) showed Blennosperma as sister group to the rest of tribe Semecioneae. However, Karis (1993) wrote that "there is no substantial evidence for a close relationship" of Blennospermatinae with the Senecioneae other than in the similar pollen and in some molecular data which places the genus Blennosperma in the tribe. In two of the four morphology-based cladograms that Karis presented, Blennospermatinae is basal to a group comprising the tribes Astereae, Anthemidae and Senecioneae. This is a world-wide group of some 8000 species and Karis' conclusion again emphasizes the relictual nature of Abrotanella and its allies.
Although Swenson & Bremer (1995) felt "remaining uncertainty about the monophyly of the Blennospermatinae", they concluded: "It is likely that the subtribe [Blennospermatinae] and the rest of the Senecioneae are sister groups." Swenson & Bremer (1997a, b) concluded that Blennospermatinae is monophyletic but heterogeneous and Abrotanella is isolated from the other three genera by many characters; even the homologies among the capitulum parts in the different genera are uncertain.
A good example of the distinctive characters of Abrotanella is seen in the corolla. The corolla lobes of most Compositae have either central and lateral vascular strands or lateral strands only. However, in nine of the Australasian species of Abrotanella the corolla lobes have a single, well-developed central vascular strand but no lateral vasculature, a previously unreported condition apparently unique in the family (Swenson, 1995b) . The three states-central strands, lateral strands, or both presentmay be structural alternatives already present in the ancestor of Senecioneae and its relatives before the origin of recognizable Compositae and modern corollas, and without any special advantage having led to the evolution of one state from the other. The anomaly in 'modern' Abrotanella could easily be relictual, reflecting ancestral polymorphism and neither synapomorphous nor symplesiomorphous in Abrotanella.
Summarising, while all authors since Cassini and Bentham have disagreed on the exact position of Abrotanella in the Compositae, they have generally agreed on a fairly basal position within the family, and possible relations of the genus with at least three large tribes (Senecioneae, Anthemideae and Astereae) indicate a considerable age for the genus.
Whether or not it is cladistically monophyletic, the Blennospermatinae sensu Nordenstam form a biogeographically coherent group and the historical biogeography of the three radiate genera appears to be concordant with Abrotanella: the relationship among the four genera is one of clear-cut vicariance, with some overlap of two genera (Abrotanella and Ischnea) only in New Guinea. Despite their earlier misgivings and the demonstration that Abrotanella and Ischnea differ in many ways, Swenson & Bremer's (1997a, b) cladistic analyses gave clear support to Nordenstam's (1977) grouping of the four genera, as do the results presented here.
METHODS OF ANALYSIS
Nordenstam (1969) adopted Croizat's (1958 Croizat's ( , 1964 principles in his biogeographic methodology, particularly the concept of vicariant biogeographic centres as ancient foci of differentiation and the idea that earth and life evolve together.
Another leading student of the Senecioneae, Jeffrey (1982) , had similar views and wrote that some contemporary work "overemphasizes the importance of migration, at the expense of the broad parallel evolution of taxa over very wide areas. Probably the majority of species ranges have come about, not so much by migration, as by more or less isolated populations evolving in parallel, and probably many vicariants have evolved in this way . . . In fact, few taxa, however monophyletic, seem to have had a strictly monotopic origin." Axelius (1990) suggested that "Even if some authors . . . merely seem to adjust Darwinian dispersal hypotheses to more modern geological theories, most biogeographers of today have a theoretical background based on generalized tracks and vicariance events as explored by Croizat . . .". Bremer (1993) also used "a similar approach" to that of Croizat (1958 Croizat ( , 1964 and the same method is used in this paper, with special attention paid to patterns of vicariance (cf. Craw, Grehan & Heads, 1999) . SOME BIOGEOGRAPHIC CONCEPTS Some assumptions that are often made in biogeographic analysis but are probably not justified are examined here briefly before considering distributions in Abrotanella.
Area analysis and areas of endemism
It cannot be assumed that areas of endemism are unproblematic. Bremer (1993) suggested perceptively that "the delimitation of areas" is a "methodological problem" which deserves "much more attention in cladistic biogeography." This is an important point, as cladistic biogeography has generally used a priori areas as areas of endemism rather than analysing the areas themselves, although comparative analysis of areas and affinities in groups such as Abrotanella need not be based on geographic areas (cf. Heads, 1983 Heads, , 1985 . Swenson & Bremer (1995) wrote that "Abrotanella shows several trans-Pacific distribution patterns". This has been demonstrated by Swenson (1995b) and early authors such as Kirk (1892) , who realized that his new species A. muscosa from Stewart Island 'closely approaches' Chilean plants rather than other New Zealand species. In addition, A. forsteroides (Hook.f.) Benth. of Tasmania is related to other Chilean species. Abrotanella is restricted to six geographic areas: South America, New Zealand, Stewart Island, the sub-Antarctic Auckland and Campbell Islands, Tasmania, and eastern continental Australia with New Guinea. These are often regarded as areas of endemism, but these areas are not actually shown by either taxa or affinities in Abrotanella. For example, the eastern Tasmanian species is most closely related to one of the Chilean species, not to the western Tasmanian species. The western Tasmanian species is related to species of the Auckland Islands, Campbell Island and Fiordland. It is these affinities: east Tasmania-southern Chile; west Tasmania-Auckland Islands-Campbell Island-Fiordland, which constitute the areas of endemism, not the current geographical areas. Similarly, in New Guinea, the northern Ischnea is related to Blennosperma in the Americas, while the southern Abrotanella is related to conspecific plants in SE Australia. The taxa and their affinities define a series of arcs that show little correlation if any with present day geographical areas such as New Zealand and South America. The widespread vicariance within New Guinea, Tasmania, New Zealand and Patagonia is closely linked with the intercontinental vicariance and this relationship is examined below.
There is always a tendency in systematic work to concentrate on restricted geographic areas and see them as biogeographic regions. Even in monographic work it is traditional and convenient to treat all the species of each country on a separate map. However, this style of presentation can easily obscure a biogeographic pattern of local vicariants each with different intercontinental affinities as elucidated in the text, keys and cladograms. Swenson & Bremer (1997a) defended their choice of areas of endemism by writing that "We are not trying to analyze biogeographic interrelationships within islands and continents. Hence, New Zealand and South America were not subdivided into smaller areas although there are locally endemic species . . . Furthermore, any such subdivision would involve many arbitrary decisions regarding the number and size of areas to be recognised. . .". However, if local vicariance is not integrated into the analysis and polyphyletic areas of endemism are used to begin with, it is inevitable that the biological cladograms and the geological split sequence will be incongruent.
Timing and taxonomic rank
It cannot be assumed that taxonomic rank or degree of differentiation is proportional either to the age of a group or to the time involved in its evolution (which may be a fraction of the group's age). The Pacific area contains many intriguing patterns of plant and animal distribution. Since the various patterns are repeated at different levels of the taxonomic hierarchy, it is often assumed that each pattern must be composite, made up of several repetitions of the same pattern by taxa of different ages and with different historical backgrounds. For example, the distribution of the families of the Asterales suggests that their origin and evolution was related to the Pacific area (Swenson & Bremer, 1995) . Within the families, there are Pacific distribution patterns also at the generic and species level (Swenson & Bremer, 1995) . Some biologists would argue that these patterns have a different history from those of the families, but this does not follow if different lineages have evolved at different rates, which seems likely. During a given phase of evolution, one group may evolve new families, while another, in the same area and at the same time, may only differentiate into new genera or species, a third into barely distinct cytotypes, while a fourth may show no significant genetic change. In such a case the taxa have different rank and, of course, differing degrees of genetic divergence, but are the same age. Following such a phase of modernization a biota may continue relatively unchanged for millions of years during a period of tectonic and evolutionary stasis. This would account for the fact that most large-scale distribution patterns are evident in many groups and at many levels of the taxonomic hierarchy.
Timing, fossils and vicariance
Many authors have equated the age of the oldest known fossil of a group with the age of the group itself. Differentiation of Blennospermatinae and the two probable sister genera Blennosperma and Ischnea may pre-date the establishment of the Pacific and the sister group relationship between the two genera probably reflects vicariance of a former widespread, Pacific ancestor. There is no need for the ancestor of Ischnea to have reached New Guinea by migration from a previous North American distribution, as it was already in the Melanesian region when the modern Pacific formed. Similarly, vicariance events in Abrotanella probably pre-date the break-up of Gondwanaland. The Tasman and SW Pacific Oceans opened 80-60 million years ago, whereas: "pollen of the very first Asteraceae appear in the Eocene [54-38 million years ago] in South America . . ." (Swenson & Bremer, 1995 , 1997a . However, this does not mean that Compositae were not living in earlier times. There are many reasons why groups do not form fossils, or the fossils are not found. The vast majority of organisms are hardly ever fossilized. The pollen of the ancestral Compositae may even have differed so much that it is not recognizable.
Although some authors do interpret the Compositae as too young a group to have evolved in Gondwanaland, many specialists have interpreted apparently Gondwanic distributions in the family as evidence of Mesozoic vicariance. Bentham (1873b) found that the main centres of endemism of Compositae, which are Africa and the Mediterranean, Australia, and Chile and Mexico, "point to a very wide dispersion of the original stock of the family at a very early period, when the physical configuration of the surface of the globe must have been very different from what it is now . . .". As already noted, the absence of fossil Compositae from some early strata may not mean a great deal and Bentham observed tersely that "the absence of their remains is no proof of their non-existence at various geological periods". Turner (1977) agreed: "the family [Compositae] is a very old one among angiosperms generally, [its] origin stems back to at least the Cretaceous" and Bremer (1994) also accepted that "groups may be much older than their fossil record". Turner argued that macrofossils "suggest that the family existed in about the same morphological form (tribally speaking) in about the same regions during the Oligocene as it does today". For Turner the distribution of the family "seems more logically bound up with continental drift than it is to explosive evolution and adaptive radiation up and down the world's mountain chains since Miocene time". Likewise, DeVore & Stuessy (1995) have written that the distribution of Compositae and related families "strongly suggests that the separation of Antarctica from Australia and South America may explain present distributional patterns."
In a revision of the subtribes of Astereae, Nesom (1994) concluded firmly in favour of vicariance. He observed that "Notwithstanding the lack of fossil evidence for a pre-Tertiary origin of the family, the geographic distribution of some Astereae . . . is similar to that of many other families and generic groups known to have a Cretaceous history . . . The repeating pattern of disjunction between South America and Australasia in [four subtribes] suggests that these groups were in existence at least by the early Tertiary."
Following other studies on the Astereae by Zhang & Bremer (1993) , Bremer (1994) wrote that: "It is possible that the origin of the Asteraceae was linked to the history of the Pacific area . . . Plate tectonics of the Pacific are complicated, and involve a number of rafts traversing the Pacific, and ancient slowly moving island areas, such as the Hawaiian islands. . .". The currently exposed rocks of groups such as the Hawaiian, Galapagos and Juan Fernandez Islands are geologically young, but this is not as relevant as it may first appear. The more important but more difficult question is: could there possibly have been any land in the region prior to these islands? There can be little doubt that Compositae have been in the Pacific area for a very long time; like Nesom (1994) , Bremer (1994) noted that members of the tribes Astereae (the Lagenophora Cass./Myriactis Less. group, Centipeda Lour., Podocoma Cass./Ixiochlamys F. Muell. & Sond.) and Anthemideae (the Cotula L. group) as well as subtribe Blennospermatinae all have circum-Pacific distributions, and "mirror those found at a higher systematic level, including the whole family." Centipeda, like Abrotanella, has been referred to both Astereae and Inuleae, and is probably a basal taxon in the Asteroideae (K. Bremer, pers. comm., cited in Bruhl & Quinn, 1991) . It is intriguing that Abrotanella is linked to Centipeda by the occurrence in both genera of radially symmetrical cypselae and a single testa bundle in a lateral position (Bruhl & Quinn, 1990) . These Pacific plants are clearly of special phylogenetic significance and Bremer (1993) also noted that the general Pacific pattern "would furnish an interesting case for further biogeographic analysis".
Cladograms and long-distance dispersal
Faced with biogeographic patterns which can appear highly complex when portrayed in dichotomous cladograms, cladistic biogeographers have often resorted to invoking ad hoc long-distance dispersal events. Such studies have been discussed elsewhere (Heads, 1985) . In Abrotanella the biological cladogram is not congruent with the split sequence (Swenson, 1995a) and so several dispersal events, for example, between southern South America and Stewart Island, might be assumed to have taken place-the biogeographic patterns of Abrotanella are so complex that not only vicariance but also dispersal seems to be involved. In Swenson & Bremer's (1995) analysis A. muscosa, endemic to Stewart Island, New Zealand, is the species with the most 'homoplastic' distribution as it is related to South American plants, and this is explained by long distance dispersal from South America. However, A. muscosa is a distinctive species in what is probably a Mesozoic genus, and occurs at one of the major centres of endemism in New Zealand, the Median Tectonic Line (Heads, 1989: fig. 24 ). This is also the main tectonic boundary in the country (Bradshaw, 1993) and the 'homoplastic' distribution of A. muscosa is instead probably an example of congruence between tectonics and biogeography. The incongruent affinity of the southern New Zealand A. muscosa with southern South American plants is also a pattern seen in countless other plants and animals.
There are several reasons for taxon cladogram and area cladogram incongruence, and long-distance dispersal is probably not involved. For example, use of inappropriate areas of endemism will lead to incongruence, as indicated above. In addition, phylogenesis is probably not simply dichotomous. Also, if the trans-Pacific or trans-Tasman affinities are pre-split in origin the split sequence will not be relevant to the main aspects of the distribution.
In a discussion of means of dispersal, Swenson & Bremer (1995) explained the incongruence in the Abrotanella cladograms by citing hairs and crowns on the fruit of some species which may make the fruits adhesive to, for example, feathers. Swenson & Bremer (1997a) concluded in a similar way: ". . . Abrotanella must have reached New Zealand by long-distance dispersal long after its separation from other continents . . . Possible long-distance dispersal events of Abrotanella are hard to envision, however, . . . such occasions must be extremely rare, otherwise there would be a lot of distributional noise and we would not be able to perceive any general biogeographic pattern". It is hard to see how greater rarity of events in a supposedly already noisy process could in itself lead to the standard biogeographic patterns shared by Abrotanella and many other taxa. The Australasia-southern South America distribution pattern is seen in so many organisms with such varied means of dispersal that long-distance dispersal would seem to have little relevance. Long-distance dispersal in plants like Abrotanella is indeed "hard to envision", and in another context Swenson & Bremer (1995) themselves concluded that "long-distance dispersal is . . . not absolutely necessary to invoke" and they accepted "an underlying pattern [in Abrotanella] in agreement with geology" (Swenson & Bremer, 1997a) .
Biogeography and geology
In most cladistic studies of biogeography, area cladograms are constructed according to traditional geological hypotheses of the break-up of Gondwanaland, but other aspects of tectonic geology are often neglected. The circum-Pacific lands provide clear examples of biogeography reflecting tectonics, for example in phases of transform fault movement, terrane accretion and uplift (Heads, 1989 (Heads, , 1998a . Geological events and structures which date to tens of millions of years ago may seem irrelevant to what we know as 'modern' taxa. However, the revolutionary physiographic changes brought about during the Mesozoic were a major factor in the evolution of the plants and animals directly ancestral to the modern taxa.
COMPARATIVE BIOGEOGRAPHIC ANALYSIS
The sequence of taxa follows that of Swenson & Bremer's strict consensus tree (1997b: fig. 2 ). Details of characters used are given in that paper. The first three genera all share ray florets, absent in Abrotanella, and form a distinctive group, as follows:
This comprises a single, annual species in Oregon, Washington and British Columbia. It replaces Blennosperma in the north, just as Abrotanella replaces Blennosperma in the south (Fig. 1) .
This genus is disjunct between California (two species) and Chile (one species) (Ornduff, 1963 (Ornduff, , 1964 (Fig. 1) . In a centre-of-origin/migration interpretation the single South American species would be proposed as a hybrid of North American species which dispersed directly to Chile, and then became extinct in North America. Alternatively, instead of migrating by long-distance dispersal the species may have migrated south from California along the coast to Chile, and then become extinct everywhere except in Chile. Both explanations seem rather ad hoc and the CaliforniaChile disjunction is a taxonomically widespread distribution pattern found in many plants and animals with varied ecology and means of dispersal. Some of the taxa concerned have been listed by Chin, Brown & Heads (1991) . This supports the suggestion that the California-Chile disjunction is a result of major tectonic and physiographic change through the Tertiary. Displacement and disappearance of land in the east Pacific has led to the fracturing of distributions along the west coast of the Americas and given rise to striking disjunctions. Likewise, within South America itself, many taxa which are based in the Pacific show major disjunctions (>2500 km) in the central Andes for no apparent ecological reason. These include Nothofagaceae/Fagaceae (Soepadmo, 1972) , Lomatia R. Br. (Proteaceae) (Donat, 1935) , Lagenophora Cass. (Compositae) (Cabrera, 1966) and Oreobolus R.Br. (Cyperaceae) (Seberg, 1988) .
This New Guinea genus forms a monophyletic group with Blennosperma on the opposite side of the Pacific (Swenson & Bremer, 1997b) and so occupies New Guinea in a different way from Abrotanella, represented in New Guinea by a single species also in SE Australia. Ischnea has four species: I. elachoglossa F. Muell. is widespread in the New Guinea mountains and the three others are endemic to the Oranje Mountains (I. korythoglossa Mattfeld), the Star Mountains (I. capellana Swenson) and Mt. Wilhelm (I. brassii H.Rob. & Brettell), respectively (Fig. 2; Swenson, 1994) . I. brassii is basal to the other three species in Swenson & Bremer's (1997b) cladogram. It is fairly common on Mt. Wilhelm between 3500 and 4480 m (Swenson, 1994; pers. obs. 1998) , although there are no collections from nearby well-explored mountains such as Kerigomna or Mt. Herbert. I. elachoglossa shows a notable gap between the Star Mountains and Mt. Giluwe.
It is probably significant that while Abrotanella, like Ischnea, is known from the Oranje Mountains, according to Swenson (1995b) it is absent from the Star Mountains and the well-collected Mt. Wilhelm, even though it is known from the region between these two important biogeographic centres.
The island of New Guinea comprises the northern margin of the Australian craton plus 32 terranes that have been accreted to the north (Pigram & Davies, 1987) . While Ischnea and Abrotanella are partly sympatric in New Guinea, all known localities of Abrotanella are found on the Australian craton, while Ischnea extends to the northeast of the craton with populations of I. elachoglossa on the Owen Stanley and Finisterre terranes (Fig. 2) together. The mutual boundary of the Australian craton and the accreted terranes marks an important biogeographic boundary. The occurrence of an endemic species of Ischnea on Mt. Wilhelm, north of the craton boundary, which at this point is represented by the Bismarck Fault Zone (BFZ), is correlated with an unexplained absence of Abrotanella from Mt. Wilhelm, despite its presence just a few kilometres away, south of the BFZ in the Kubor Range.
Similarly, the cicada Gymnotympana verlaani de Boer is found north of the BFZ on the Jimi and Schrader terranes, and is related to G. montana de Boer of the Owen Stanley terrane. G. hirsuta de Boer is found close to G. verlaani, but only south of the BFZ (Fig. 3; de Boer, 1995) . De Boer (1995) wrote that "Many of the distribution patterns [in Gymnotympana] must presumably be explained by the complex geological history of New Guinea . . .", and that the reconstruction of the formation of New Guinea by Pigram & Davies (1987) "is of particular interest for the biogeography of Gymnotympana. In their view the Papuan peninsula is a geological composite. . .". In Papuasia the frog genus Platymantis Guenther is a northern group, with many species on New Britain etc., but on mainland New Guinea it does not range south of the BFZ (Zweifel 1969; David Bickford, pers. comm. April 1998) . Zweifel & Tyler (1982) suggested that "The present distribution of platymantines in the New Guinea region is consistent with the view . . . that frogs of this group were widely distributed on the [northern] islands of the region by the time New Guinea appeared on the scene [from the south] in early Miocene time. Insular vicariants were added to the fauna of mainland New Guinea as the collision of that island with the island are progressed."
As well as the endemism on Mt. Wilhelm, it is also significant that Ischnea, but not Abrotanella, is present on the Owen Stanley and Finisterre terranes with I. elachoglossa. These terranes include major centres of endemism. For example, in Parahebe W. R. B. Oliver (Scrophulariaceae), a group of alpine species with ciliate floral disks is restricted to the Owen Stanley and Finisterre terranes and is notably absent from Mt. Wilhelm (Fig. 3; Heads, 1994c) . In the Ericaceae, 13 of the 14 New Guinea species of Agapetes G. Don subgen. Paphia Seeman (Ericaceae) grow on the 250 km of Owen Stanley terrane mountains between Mt. Amungwiwa and Mt. Victoria, and 11 of them are restricted to this region (Stevens, 1982) .
In the New Guinea region many authors have described large, puzzling disjunctions among the islands which fringe the north coast of the mainland. For example, Rand & Gilliard (1967) noted that "a number of quite unrelated birds [species of Zosterops, Ducula etc.] share a peculiar distribution, being restricted mostly to small fringing island". In frogs, Zweifel (1969) pointed to massively disjunct affinities between Platymantis species of Batanta I. at the western tip of New Guinea, and New Britain species, and in a 'curious parallel', similarly disjunct affinities between a species of the western tip of New Guinea and one of Bougainville Island. However, biogeographic disjunctions and breaks in the New Guinea central ranges, as seen in Abrotanella and Ischnea, are just as abrupt and also seem to be widespread among taxa.
The geological boundary between the Australian craton and the northern New Guinea ('Melanesian') terranes is involved with local breaks in distribution, as already shown. It is also the site of spectacular disjunctions. New Guinea has an uninterrupted expanse of montane forest which stretches for 1600 km. Nevertheless, 18 montane bird species that would otherwise be uniformly distributed have a distributional gap of several hundred kilometres somewhere along the central ranges (Fig. 4) (Diamond, 1973) . Diamond (1972 Diamond ( , 1973 termed these 'unexplainable gaps' in species ranges 'the drop-out phenomenon'. He explained the 'drop-outs' as being the result of local extinction, but as Pratt (1982) indicated, "What factors cause the local extinction in the first place are not altogether clear". It is clear from the distributions that the disjunctions are correlated, spatially at least, with the boundary between the Australian craton and the accreted New Guinea terranes as noted above.
Despite the very rich New Guinea biota and the immense collections held in Europe and America, comparatively few distribution maps of New Guinea taxa have been published. However, similar gaps to those of the birds also occur in plants and mammals.
For example, Kelleria patula Merr. & Perry (Thymelaeaceae) is found throughout the high mountains of the Owen Stanley terrane, but nowhere else in Papua New Guinea until the border with West Irian on the Australian craton (Fig. 5A) (Heads, 1990) .
The two species of Strongylodon sect. Archboldianus S. F. Huang (Leguminosae) are S. archboldianus Merr. & Perry in West Irian, Telefomin (Oksapmin) and Southern Highlands (Kagua-Erave), and S. decipiens Verdc. in the upper Sepik Valley and Jimi Valley through to Wau, with a disjunct record in northern Sulawesi (Fig. 5B) (Huang, 1991; cf. Pigram & Supandjono, 1985) . The mutual boundary between the two species runs along the Bismarck Fault Zone (marking the boundary of the Australian craton). Very similar patterns can be seen in other taxa such as Dacrycarpus (Endl.) de Laub. (Podocarpaceae) (de Laubenfels, 1988) (Fig. 6A) , Cotula L. (Compositae: Anthemidae) (van Royen & Lloyd, 1975) (Fig. 6B) and Nothofagus Blume (Nothofagaceae) (Fig. 7) (van Steenis, 1972; Read & Hope, 1996) .
Xanthophytum nitens Axelius (Rubiaceae) is disjunct between the Owen Stanley terrane in the east and the Vogelkop in the west (Axelius, 1990) and Aglaia teysmanniana (Miq.) Miq. (Meliaceae) is likewise disjunct between the Owen Stanley and Finisterre terranes and the Vogelkop (Pannell, 1992) .
Lepeostegeres Schult.f. (Loranthaceae) is disjunct between Mt. Michael in the Eastern Highlands of PNG (Australian craton) and the Philippines (Barlow, 1993) . Amyema pachypus Danser (Loranthaceae) is disjunct between the vicinity of Mt. Kaindi (by Wau, Owen Stanley terrane) and West Irian, and A. queenslandica (Blakeley) Danser is disjunct between Mt. Kaindi and the Vogelkop (Bird's Head) (Barlow, 1992 proposed that these represent 'phantoms' of its recent occurrence there. These localities straddle the Bismarck Fault Zone and continue its NW-SE trend in a line 250 km long between the towns of Kerowagi and Wau.
In mammals, the subspecies of Phascolosorex dorsalis (Peters & Doria) (Dasyuridae) are disjunct between Owen Stanley terrane and the Wilhelm region in Papua New Guinea, and Geelvink Bay (Arfak Mountains, Japen Island and Weyland Mountains) in Irian Jaya 700 km away, a range Flannery (1990) called 'curious'. Other mammals with similar gaps include Pseudocheirops albertisii (Peters) (Pseudocheiridae) which has a 'most unusual' and 'quite enigmatic' disjunct range in Geelvink Bay (Arfak Mountains, Japen Island, Weyland Range) and in the North Coast Ranges (Cyclops Mountain, Torricelli Mountains). Flannery (1990) proposed that "only massive tectonic movements" could account for these distributions, and great lateral displacements of terranes in this region have been proposed in geological work by Pigram & Supandjono (1985) and Pigram & Davies (1987) .
The cogent ideas of Zweifel & Tyler (1982) , Flannery (1990) and de Boer (1995) explaining New Guinea biogeography as the result of evolution mediated by tectonics are not new. Nearly fifty years ago Toxopeus (1950) wrote that "The parallelism between [New Guinea] birds and butterflies regarding the distribution of their subspecies and the similar conduct of these subspecies point to a general principle underlying this matter, which in my opinion must be the geological evolution of New Guinea". Toxopeus suggested that many mountain ranges in northern New Guinea were formerly islands which have fused together, and that "Connections of the New Guinea butterfly fauna with the outer world are in accordance with van Bemmelen's [1939, 1949] conception of the island's origin, namely the northern parts as a borderland of the sunken continent of Melanesia."
In summary, while Ischnea and Abrotanella do show some sympatry in New Guinea, endemism in Ischnea on Mt. Wilhelm and the absence of Abrotanella north of the Australian craton represent standard distribution patterns and indicate that the histories of the two genera in this region have been quite different from each other. This conclusion is also supported by the different geographic affinities of the two genera outside Papuasia, Abrotanella having the same species in SE Australia while Ischnea is related to Blennosperma in the Americas, 10 000 km away on the other side of the Pacific.
Affinities across the tropical Pacific, like those of Ischnea, are poorly known not because they are rare-in fact they are abundant (van Steenis, 1962)-but because there are comparatively few biologists working in places like New Guinea and Colombia, and such distributions do not fit most biogeographic models. TransSouth Pacific affinities, such as those in Abrotanella, are more compatible with the usual models of Gondwanaland and its split. It is suggested here that both tropical and southern connections are the result of vicariance, which, incidentally, may also explain why the tropical Ischnea and Blennosperma, located centrally in the Americas, are more closely related to each other than to the northern Crocidium or the southern Abrotanella.
Trans-tropical Pacific distributions were discussed by van Balgooy (1971), who exemplified the pattern with Spathiphyllum Schott. (Araceae) (Fig. 8A) . Another example, Dendropanax Decne. & Planch. (Araliaceae), ranges from southern Japan to Sumatra and Kinabalu, and is also in central and northern South America (Philipson, 1979) (Fig. 8B) . The ferns Schizaea intermedia Mett. (New Caledonia) and S. wagneri Selling (Manus Island, Papua New Guinea) form a group with three tropical American species (Selling, 1946) . Selling also recorded the 'unexplained' fact that a south-north cline in decreasing spore size is found in both the Old World and New World species, a pattern resembling the multiple trans-Pacific ties in groups such as Abrotanella and Euphrasia L. (Fig. 12) . Another trans-tropical Pacific tie is seen in Leguminosae-Mimosoideae. Archidendron F. Muell. ranges from Sri Lanka to northern New South Wales, with most species in Borneo and New Guinea. Nielsen, Baretta-Kuipers & Guinet (1984) wrote that this genus and the American genera Cojoba Britton & Rose and Klugiodendron Britton & Killip "are very similar in fruit and seed morphology. So similar that we are probably dealing with two 'sister groups'. . .".
Similarly, in the Cunoniaceae, a clade comprising Gillbeea F. Muell. (New Guinea, NE Queensland), Spiraeanthemum A. Gray (New Guinea, Polynesia), Aistopetalum Schlechter (New Guinea) and Brunellia Ruiz & Pav. (Mexico to Peru and the West Indies) formed the sister group to the rest of the family (Hufford & Dickison, 1992) .
The idea that many western regions of the Americas comprise Pacific terranes accreted from the east (e.g. Howell, 1985; McPhee, 1993) With the exception of a new species described below, Swenson & Bremer's (1997b) classification of Abrotanella and their hypotheses on affinities in the genus will be followed here, and monophyletic groups mapped together. In their cladogram these authors divide the genus into two main groups of species, one found mainly in America (Figs 10, 11) , the other mainly in Australasia (Fig. 15) . However, the New Zealand A. fertilis and A. muscosa fall in the American group, and the American A. emarginata and A. diemii are in the Australasian group. Such residual incongruence can be seen as a minor problem easily explained by long-distance dispersal, or it can be interpreted as a clue to deeper structure in the distribution pattern. Perhaps neither group is simply American or Australian in origin, but rather both have been South Pacific groups from the outset.
The main centres of diversity in Abrotanella are in the South Island, New Zealand, and southern Patagonia. Within New Zealand, a count of numbers of species in each 1°×1°grid cell (Fig. 9) shows that Abrotanella is most diverse in the disjunct centres Central Otago and NW Nelson. This is a common pattern in New Zealand plants and animals (Heads, 1997) and may indicate that earlier in the Tertiary there was a single centre of diversity which has been split and pulled apart by lateral movement on the Alpine fault (see below). The other main centre of diversity in Abrotanella is the Isla Hoste/Isla de Navarino/Beagle Channel region in southern Tierra del Fuego. The two regions (southern New Zealand and Patagonia) represent the total distribution of taxa such as the flowering plant Tetrachondra Petrie (Tetrachondraceae) and represent a sector of Gondwana that was rifted apart in the Cretaceous.
A. purpurea Swenson and A. trichoachaenia Cabrera
This closely related pair is distributed in two parallel arcs in the southern Andes ( Fig. 10) and is in an unresolved trio with groups formed by the species in Figures  11 and 15 . In any case, the pair is clearly vicariant with both groups. It forms a series of parallel arcs with these South American species, with overlap only at the important Beagle Channel region, discussed below. The two species (and A. linearifolia and A. diemii, below) range north to Isla de Chiloé/Neuquén. North of this region Abrotanella is replaced by Blennosperma, just as the southern cushion-plant Drapetes Lam. (Thymelaeaceae) with fossil records north to Chiloé is replaced there by Ovidia Meissn. (Heads, 1990) , and in the Coleoptera Puranius nigrinus Fairmaire (Curculionidae) is replaced there by P. hispidus (Germain) (Morrone, 1994) . Through its status as a mutual boundary the Chiloé/Neuquén region is a biogeographic node (Heads, 1989) and it also shows other properties of nodes as it is the site of large disjunctions (A. linearifolia, Fig. 11 ) and local endemism (A. diemii, Fig. 15 ). Similarly, in the mammals, the family Caenolestidae has three genera: two in Peru, Ecuador, Colombia and Venezuela, and one endemic to Chiloé and the immediately adjacent mainland (Llanquihue province) (Nowak & Paradiso, 1983) .
A. purpurea, A. linearifolia and A. submarginata all have disjunct records south of Tierra del Fuego on Isla Hoste. This is discussed under A. submarginata, below.
A. fertilis Swenson
This New Zealand species is cladistically basal in the group shown in Fig. 11 . The record of A. fertilis on Maungapohatu, Huiarau Range (Ecroyd, 1996) the northern limit of the species and genus in New Zealand into line with the common Taranaki-East Cape boundary (Heads, 1994b: Fig. 17 ). In the South Island, populations of A. fertilis show the standard disjunction along the Alpine fault, a transform fault which marks the boundary of the Australian and Pacific plates and has moved laterally 480 km in the past 25 million years. This movement is proposed to have pulled apart living communities and given rise to the west coast disjunction seen in many taxa and known locally as the 'beech gap' (Heads, 1998a) .
A. fertilis has northern populations in the North Island and Nelson west of the fault. The southern population is disjunct in south Westland at Lake Sweeney, above The Windbag, only 2-3 km east of the Alpine fault.
A. linearifolia A. Gray and A. trilobata Swenson This is a closely related pair found in Chile (Fig. 11) . A. linearifolia ranges north to Isla de Chiloé and there is also a disjunct population on Juan Fernandez Islands (Más Afuera Island), 1200 km to the northwest. The Chiloé-Juan Fernandez disjunction is vast, although inconspicuous compared with the intercontinental disjunctions of Abrotanella, Blennosperma and Blennosperma/Ischnea (Fig. 1) . This might be taken as evidence that long-distance dispersal of A. linearifolia from mainland South America to the oceanic Juan Fernandez island Más Afuera has indeed taken place. The exposed rocks on Más Afuera are only 1-2.4 million years old and have never been joined to the mainland. However, as suggested above, the ages of the strata on Juan Fernandez are less important for biogeographic analysis of the region than the general tectonic history of the whole east Pacific. Recent geophysical surveys of the Pacific Ocean floor have been discovering evidence for earlier microcontinents and Tertiary uplift of special relevance to biogeography, for example in the basins NW of New Zealand (Herzer et al., 1997) .
In fact, the Chile-Juan Fernandez disjunction in A. linearifolia finds a parallel in the California-Chile disjunction seen in Blennosperma (Fig. 1) . A further important arc in the region is illustrated by the affinity between Juan Fernandez species of Erigeron L. (Compositae: Astereae), and Darwiniothamnus Harling, endemic to the Galapagos (Harling, 1962) .
Juan Fernandez also has plants such as very distinct species of Euphrasia L. (Fig.  12) and Coprosma J. R. & G. Forst. (Heads, 1996) which both show disjunct ties with New Zealand rather than South America. The fact that such taxa are not in South America is a further indication that the biota of the region is not simply the result of chance dispersal.
In a DNA study of the endemic Juan Fernandez genus Dendroseris D. Don (Compositae: Lactuceae) Crawford et al. (1992) (Heads, 1994a) . the islands where they occur". However, this is not necessarily the case as the species may have occurred on prior land. It is presumably a normal process for populations on older, eroding terrain to invade newly forming lands and for the earlier terrain to disintegrate or be covered by younger strata (cf. Heads, 1989: fig. 20 ).
Even within the Juan Fernandez group there are considerable floristic differences between the two islands Más Afuera (Alejandro Selkirk Island) and Más Tierra (Robinson Crusoe Island) . The islands are little more than 90 miles apart from each other but only 19% of the 142 phanerogams on the islands are shared by both. For example, in Dendroseris there are seven species on Más á Tierra and three quite different ones on Maś Afuera (Skottsberg, 1925) . Thus the presence of Abrotanella in Juan Fernandez on Más Afuera alone may not be due to chance.
The parallel arcs of endemism in South American Abrotanella are standard patterns of vicariance seen throughout the Patagonian biota. For example, in beetles Morrone (1993) analysed weevil distributions and obtained 'generalised tracks' by superimposing individual tracks of Rhytirrhinini. One of his maps (Fig. 13A) shows two parallel arcs in subantarctic South America and similar arcs are seen in plants such as Drapetes muscosus Lam. (Thymelaeaceae) in which two forms are separated by the Beagle Channel, lying between Tierra del Fuego to the north and Isla Navarino and Isla Hoste to the south (Fig. 13B) (Heads, 1990) . A node near Beagle Channel is also important in A. submarginata, A. linearifolia, A. purpurea and A. trilobata. This node is often involved in biogeographic patterns with the node at Chiloé discussed above. For example, in the Coleoptera, family Migadopidae is known from Australia and southern South America/Falkland Islands. One genus, Antarctonomus de Chaudoir, is monotypic on Isla de Chiloé, Isla de Navarino and Tierra del Fuego, while the related Pseudomigadops Jeannel has two species on Isla Navarino and one each on Tierra del Fuego and the Falkland Islands ( Jeannel, 1938) . The passerine birds Cinclodes and Aphrastura (Furnariidae) also show disjunct ties among Tierra del Fuego/Falkland Islands, Isla de Chiloé and Juan Fernandez (Howard & Moore, 1980) . Chrysosplenium L. (Saxifragaceae) has a single species in Tierra del Fuego, one by Chiloé and the remaining 55 species of the genus disjunct in the United States and the northern hemisphere (Hara, 1957) .
The lichen Rinodina peloleuca (Nyl.) Müll. Arg. has similarly disjunct records in South America, where it has been recorded only at Isla de Chiloé and Beagle Channel/Falkland Islands, and it is also present in the east of New Zealand with the standard disjunction between Dunedin and Banks Peninsula (Matzer, Mayrhofer and Elix, 1998) . Species of the lichen Bunodophoron show very similar disjunct ties among New Zealand, Juan Fernandez, Isla de Chiloé, and southern Chile (Wedin, 1995) .
A. muscosa Kirk
This is an alpine species from southern New Zealand (Fig. 11 ) in which the minute rosettes closely resemble a moss. Kirk (1892) described it as the smallest dicotyledon in New Zealand. It is known only from northern Stewart Island, on Mount Anglem, 10 km north of the Median Tectonic Line (MTL) and Mount Rakeahua, 10 km south of the MTL. The MTL marks the main tectonic division in New Zealand (Bradshaw, 1993) and runs along the Alpine fault in the central South Island. A. muscosa is closely related to A. submarginata of Chile (Fig. 11) . The disjunction between A. muscosa and A. fertilis in the north runs along the MTL. Again, it seems very unlikely that the precise, disjunct affinities of these species along the Alpine fault, the MTL, the SW and SE Pacific Basins, and the North Scotia Ridge (Fig. 14) are due simply to chance dispersal.
A. submarginata A. Gray The distributions of this species, A. linearifolia and A. trilobata make up a set of parallel arcs in southern Chile (Fig. 11, 14) . However, A. submarginata is more closely related to the last species, A. muscosa of Stewart Island. Epilobium conjungens Skottsb. (Onagraceae) has a similar distribution to that of A. submarginata, repeating the Beagle Channel-western Strait of Magellan disjunction (Moore, 1983; cf. A. linearifolia) . The disjunction can be explained by left-lateral movement on the boundary between the Scotia-Antarctic and South American tectonic plates as proposed by Cunningham (1993 Cunningham ( , 1995 (Fig. 14) . It is possibly significant that E. conjungens and A. submarginata both have their closest relatives not in South America but in New Zealand (Skottsberg, 1906; Moore, 1983) . The ranges of A. submarginata and A. muscosa occupy what are currently outlying islands but were once part of much larger Gondwanic and Pacific terranes which, during the history of the angiosperms, have fractured, rifted, sundered and accreted.
A. submarginata occurs at highwater mark on the coast up to 700 m altitude. The tectonic uplift of the Andes has been rapid, and it is likely that this was originally a coastal plant which has been raised, more or less in situ, to higher altitude. Ricklefs & Latham (1993) agreed with authors who have suggested that "mangrove taxa may have left terrestrial descendants following uplift of mangrove habitat". The uplift of the Andes, like that of the New Zealand and New Guinea mountains, has progressed at a rapid rate and it is perhaps not surprising that the coastal saltmarsh plant Salicornia L. (Chenopodiaceae) occurs at over 4000 m altitude in the high Andes with a cushion species S. pulvinata R. E. Fries (Ruthsatz, 1978) . Other examples of mangrove and saltmarsh plants that have become montane or even alpine through geological uplift include species of Kelleria Endl. (Thymelaeaceae) and Olearia Moench (Compositae). Plagiotropic shoot axes with distal adventitious roots are seen in the upland species Kelleria paludosa Heads and Olearia gardneri Heads and have been interpreted as relicts of mangrove architecture (Heads, 1990 (Heads, , 1998b .
The remaining 13 species of Abrotanella (Figs 15, 19 ) belong to the large, mainly Australasian branch of the genus, in which two species are South American. The first three species form a well-defined group.
A. diemii Cabrera
This is known from only one locality in SW Neuquén Province, Argentina (Fig.  15) . It is closely related to the following pair, giving a similar disjunction to that seen in A. purpurea and A. trichoachaenia (Fig. 10) . A. forsteroides (Hook.f.) Benth. and A. emarginata (Gaudich.) Cass.
A. forsteroides (Figs 15, 16 ) is in eastern Tasmania, largely restricted to the Jubilee terrane. A. emarginata (Fig. 15) is widespread in the far south of Chile and Tierra del Fuego, and is also disjunct on the Falkland Islands, like many other plants and animals with no means of trans-oceanic dispersal, such as Drapetes (Fig. 13B) and Euphrasia L. (Fig. 12) .
The following four species form the A. rosulata group (Fig. 15) , and comprise the southern Tasman Sea vicariant within the genus.
A. rosulata (Hook.f.) Hook.f.
New Zealand: Auckland and Campbell Islands (Fig. 15) .
A. rostrata Swenson This is endemic to SW South Island and runs in an almost linear strip from Lake Mike to the Olivine Plateau (Swenson, 1996) , between and parallel to the Alpine fault and the Moonlight Tectonic Zone (Fig. 17) . There are notable records from near the coast only at Caswell and George Sounds, a pattern also seen in Leonohebe odora (Hook.f.) Heads (Scrophulariaceae) (Heads, 1994b ). There appears to be minimal overlap between this species and members of the pusilla group, A. linearis and A. caespitosa, which generally range further east in Fiordland.
A. scapigera (F. Muell.) Benth.
This western Tasmanian species is largely restricted to the Tyennan terrane (Figs 15, 16) . It illustrates the biogeographic decomposition of Tasmania, as it is not related to the eastern Tasmanian species (A. forsteroides) but to the following three species (it is closest to either A. spathulata or to A. spathulata and A. rostrata).
A. spathulata (Hook.f.) Hook.f. This species and A. rosulata are found on both Auckland and Campbell Islands (Figs 15, 16 ). This pair of islands represents a sector of the New Zealand plateau which is a major centre of endemism possessing many phylogenetically isolated taxa such as Leonohebe benthamii (Hook.f.) Heads (Scrophulariaceae) (Heads, 1994b) . Although these islands are small they are not of recent origin and include Mesozoic granites and schists (Lillie, 1982) .
The Tasmania-Auckland/Campbell Islands-Fiordland affinities of these Abrotanella species are also seen in groups such as the liverwort Pseudocephalozia paludicola R. M. Schust. (Lepidoziaceae) recorded from western Tasmania and Campbell Island by Schuster (1969: fig. 9 ), with additional records from Antipodes Island and southern and western South Island (D. Glenny, pers. comm., November 1998) . The other species of this genus are found in New Guinea, New Zealand and South America, like Abrotanella, and Schuster's paper provides many other liverwort distributions involving Tasmania, New Zealand, Juan Fernandez and Fuegia.
The biogeographic and tectonic status of Tasmania is far from being resolved. For example, palaeopositions of Tasmania are debated; Berry, Meffre & Kreuzer (1997) noted that while Tasmania may have rifted away from Victoria Land in Antarctica, an alternative model places ancestral Tasmania in the middle of the proto-Pacific Ocean (Elliott & Gray, 1992) .
The biogeographic decomposition of Tasmania into eastern and western sectors ( Fig. 16 ; cf. Kirkpatrick, 1982) reflects the geological terranes of the island (Scheibner, 1990) . Recent geological discoveries on plateaux south and east of Tasmania (Fig.  18) are also relevant to terrestrial biogeography and possible connections between Tasmania and southwest New Zealand. A large submarine plateau of continental origin, the South Tasman Rise, lies to the south of Tasmania. It has an area of about 200 000 km 2 and rises to less than 1000 m below sea-level. It is composed of two distinct terranes, a western domain initially attached to Antarctica, and an eastern domain rifted off from Tasmania and the East Tasman Plateau (Exon, Moore & Hill, 1997; Royer & Rollet, 1997) . Likewise, the 50 000 km 2 East Tasman Plateau, southeast off Tasmania, has yielded continental rocks . Evidence suggests the plateau was adjacent to the South Tasman Rise until the formation of the Tasman basin in the Late Cretaceous as part of the break-up of East Gondwana.
The last four species form a south Tasman Sea group which is largely vicariant with its sister group, the next six species. These are restricted to New Guinea, Kosciusko and the main islands of New Zealand. There is minimal overlap between the two groups which meet in SW Fiordland and the Stillwater/Doon region of central Fiordland. At least two trans-Tasman connections as well as Alpine fault disjunctions are shown in these species. Other groups with both trans-Tasman Sea and Alpine fault disjunctions include Kelleria laxa (Cheesem.) Heads (Thymelaeaceae) and Sphaerothorax Endrödy-Younga (Coleoptera) (Heads, 1998a) .
Three of the following four species are found in Central Otago, and these required taxonomic revision. A. caespitosa Kirk (Fig. 19 ) is widely sympatric in Central Otago with A. inconspicua in the west and A. patearoa in the east (Fig. 19) . It has additional records in Fiordland and Nelson, two regions separated by the Alpine fault.
Abrotanella inconspicua Hook.f.
Herbs forming loose mats or tight cushions 1-2 cm high. Leaves linear-triangular, acute, apiculate, 5-7(-13)×1 mm, margins hairy towards the base. Phyllaries 12, linear-oblong, 3 mm long. Outer florets c. 10, cyathiform, 1.7-1.8 mm long, central florets 8-16, 2.0-2.4 mm long, functionally male. Cypsela glabrous, 2 mm long. 2n=18. Allan (1961) and Swenson (1995b) cite the elongating peduncle as diagnostic, but this seems untenable. Plants with larger leaves (8.5)-9-10×1-2 mm have peduncles elongate, while tighter cushion-plants with smaller leaves 5.5-8×1 mm have peduncles not usually elongating. Both forms are found widespread through the species' range, although the former only are known from the Eyre Mountains, while the latter only are known from the Old Man Range in the east. Elongate and nonelongate peduncles are present in Mark & Wells 1.ii.1965, Old Man Range (OTA) .
Distribution. Figure 19 . South Island: Central and west Otago. D. Petrie 1611/1 Craigieburn Mountains 5000′ (CHR) is A. inconspicua but is possibly mislabelled as the locality is so far away from all other known populations of the species. However, Petrie's records are usually very accurate and the locality is mapped here.
Habitat. Low-high alpine grassland, wet banks, rock crevices, cushion vegetation, snowbank, herbfield, fellfield, 1260-2040 m.
Illustration. Mark & Adams (1973) .
A. nivigena (F. Muell.) Benth. This is disjunct between SE Australia (Mt. Kosciusko) and New Guinea (Fig. 2) . Its distribution in southern New Guinea is discussed under Ischnea, above. It is possibly the sister group of A. caespitosa, giving the trans-Tasman connection: New Guinea-Kosciusko-NW Nelson/Fiordland. Leaves 12-20×1(-1.5) mm, usually straight and not laterally curved, narrowed towards base, margin hyaline, hardly distinct or thickened, apex obtuse, rounded, adaxial stomata clearly visible, glands sunken but otherwise inconspicuous, leaves bright green, without whitish waxy bloom. 2n=18 (Beuzenburg & Hair, 1984) . Swenson's (1995b) key separates A. linearis with leaves 'often >15 mm' from A. caespitosa, 'leaves Ζ 15 mm long', but the leaves in the latter species are often longer than this. However, A. linearis does not have the distinctive runners with scale leaves always present in A. caespitosa, and clearly seen in the type specimen and in illustrations by Mark & Adams (1973) , Moore & Irwin (1978, as 'A. inconspicua') and Johnson & Brooke (1989) . Illustrations. Mark & Adams (1973) ; Johnson & Brooke (1989) ; Moore & Irwin (1978) . Heads, sp. nov. Holotype. A. F. Mark, 30.x.1967, Rock and Pillar Range, 4500′, cushion vegetation (OTA) . Ab A. inconspicua differt foliorum apicibus rotundatis, ab A. caespitosa differt habitu pulvinato, sarmentis sine squamis et paginis ceraceis foliorum.
Abrotanella patearoa
Prostrate, glabrous, perennial herbs forming dense cushions up to 15 cm diameter and 1-2 cm high. Internodes <2 mm, leaves overlapping, scale leaves absent, dead leaves persistent. Leaves 6-8(-11)×1.5-2 mm, parallel-sided and not spathulate, usually curved laterally, apex blunt, rounded, sometimes almost retuse, apical gland resembling a non-functioning hydathode often present, leaves hyaline or purplish basally, margins ciliate basally, otherwise glabrous, with conspicuous hyaline thickening, midrib visible abaxially, stomata inconspicuous, obscured by waxy cuticular or epidermal thickenings giving leaves whitish or greyish bloom, glands conspicuous. Capitula solitary, without ray florets, 4 mm diameter, heterogamous, sessile in flower, peduncle to 7 mm long in fruit, 2-4 bracts, phyllaries (8)-12-14, obtuse, cucullate, 2.25 mm long, purple-tipped, glabrous, with 3 translucent secretory ducts, outer florets 8-12, female, 2.4 mm long, corolla 4-lobed, globose nectary disc at base of style, style branches short, ovate, central florets 4-9, functionally male, 2.6 mm long, corolla 4-lobed, style undivided, truncate to cup-shaped, without nectary, outer cypselas fertile, 1.3×0.6 mm, epappose, glabrous, ribbed, epapillose, central cypselas similar but without seed, truncate, 1×0.3 mm. 2n=18 (Beuzenberg & Hair, 1984, as A. inconspicua from Rock and Pillar-no voucher cited, but probably this species).
Distribution. (Fig. 19 ) New Zealand, South Island: Eastern and Central Otago: Rock and Pillar Range, Lammerlaw Top, Umbrella Mountains, Garvie Mountains. The species has a restricted distribution but is abundant in alpine herbfield, cushion and snowbank vegetation and is under no immediate threat.
Habitat. Alpine herbfield, snowbank, cushion vegetation, fellfield, rock outcrops, 1150-1450 m.
Flowering and fruiting. November to January.
Illustration. Figure 20 . Mark & Adams (1973) (as 'Rock and Pillar Abrotanella'). The specimen illustrated is cited as A. F. Mark & N. Adams, Nov. 1967 , Rock and Pillar 4500′ and this probably refers to the type collection of A. patearoa, although the type sheet is dated 30.x.1967 . 'N.M.A.' is written on a corner of the label, indicating that this is the collection illustrated by Miss Nancy M. Adams. In his flora of Otago, Petrie (1896) referred the plants to A. inconspicua. However, collections held in OTA were subsequently referred by workers there to A. caespitosa. In the 1960s they were again identified by Dr M. J. A. Simpson as A. inconspicua, following Petrie (1896) . Mark & Bliss (1970) were not totally convinced by this identification and treated the plants as an undescribed taxon A. cf. inconspicua. Mark & Adams (1973) wrote that "a generally similar plant but with broader (1.5-2 mm) blunt leaves and flower stalks that elongate beyond the leaves as the fruits ripen, substitutes for the typical A. inconspicua on the Rock and Pillar Range" and illustrated a specimen of the 'Rock and Pillar Abrotanella'. Swenson (1995b) instead suggested that the Rock and Pillar plants fell within the range of variation of A. caespitosa.
Herbarium collections from the Rock and Pillar Range are easily sorted into two entities: the new species with a robust cushion habit abundant in drier alpine sites, and the much less common true A. caespitosa in bogs. Plants of both entities were collected and grown on at the Botany Department, University of Otago, and the evident differences were maintained.
Notes. The new species resembles A. inconspicua Hook.f. in its robust cushion habit but differs through its rounded, not apiculate leaf apices, leaves with waxy bloom and conspicuous glands on the adaxial surface of the leaves and the peduncle always elongating in the fruit. From herbarium material it is clear that the distributions of the two species are basically vicariant. There may be some minor geographic overlap in the Garvie Mountains (there is a single old collection of A. patearoa from there), and also in the Umbrella Mountains, where Dickinson et al. (1998) A. patearoa is also close to A. caespitosa Petrie ex Kirk, but differs through its tighter cushion habit, congested internodes, lack of runners with distant scale leaves, and broader leaves with a waxy bloom which render the glands on the adaxial surface conspicuous. Judging from the photograph of A. nivigena (SE Australia and New Guinea) in Costin et al. (1979) this is also similar to A. patearoa although the leaves appear to be brighter green and the infructescence peduncles are longer. A. patearoa also differs from A. nivigena through its shorter phyllaries and non-papillose cypselas.
The new species is similar to both A. inconspicua and A. caespitosa and it could perhaps be regarded as an infraspecific taxon under either one or the other. However, it is equally close to both (Table 1) .
If the new species was simply a habitat form of A. caespitosa it would be difficult to explain its restricted geographic range, and in particular the precise geographic replacement of A. inconspicua noted by Mark & Adams (1973) . Other plants endemic to the eastern ranges of Central Otago include the distinctive Kelleria villosa var. barbata Heads (Thymelaeaceae) and Celmisia haastii var. tomentosa Simpson & Thomson (Compositae) .
The next two species are closely related, vicariant taxa in South and Stewart Islands. They form a monophyletic clade with the four other South Island species which they surround in the north, west and south (Fig. 19) . Overlap occurs only at Mount Arthur and in central Fiordland (the Doon region), localities which have been separated by Alpine fault movement. The groups form a concentric series of vicariants and if the effects of Alpine fault displacement are removed, the geographic sequence from periphery to centre is A. nivigena, A. pusilla, A. linearis, A. caespitosa, A. inconspicua/A. patearoa . Similar concentric patterns of endemism converging on Central Otago are seen in Leonohebe Heads (Scrophulariaceae) and Olearia sect. Divaricaster Heads (Compositae) and have been interpreted as the result of evolution around the retreating shores of inland Tertiary seas (Heads, 1994b) .
A linearis Berggr.
South Island, Stewart Island (Fig. 19) . Mark & Adams (1973) accepted A. linearis var. apiculata Simpson & Thomson 1943 as a distinct, apiculate form found in south Westland and Fiordland, and more strictly alpine than the typical variety. Johnson & Brooke (1989) also accepted this taxon (as A. filiformis Petrie), but Swenson (1995b) felt that further work was needed before it could be recognised. A detailed map of all the Fiordland species would be of considerable interest.
A. pusilla (Hook.f.) Hook.f.
North Island, South Island, Stewart Island (Fig. 19) . This comprises four disjunct populations of which the two located centrally, in Nelson and in south Westland, are separated by the Alpine fault, like the populations of A. fertilis. The Westland records are from the Copland Range and Lake Sweeney, both lying just east of the fault. The Westland-Stewart Island (Mt. Anglem) disjunction repeats that of A. fertilis-A. muscosa, following the Median Tectonic Line.
CONCLUSIONS
The theory that organisms achieve their distribution through originating at a point centre of origin and migrating from there has been widely accepted in biogeography for over a century, but problems with it have been recognized since the 1960s. Caughley (1964) referred to the unadmitted and unjustified principle of biogeography that "forms always migrate from elsewhere to the region being considered", an assumption also discussed by Smith (1977) in his work on the Mount Wilhelm flora. Northern South America has often been proposed as the centre of origin of the family Compositae. However, Bremer (1993) wrote that "In agreement with the general criticism of the center of origin concept, I find that there is no support for such a narrow center of origin for the Asteraceae". Similarly in this paper no narrow centre of origin is proposed for Abrotanella. Rather, it and the three other genera shown in Figure 1 are interpreted as vicariant derivatives of a Mesozoic, trans-Pacific ancestor.
When considering a disjunct biogeographic distribution such as that of Abrotanella: Australasia-South America, it is seldom appreciated that the tectonic separation of Australasia and South America explains only the disjunction: Australasia-South America; it does not explain why Abrotanella was confined to Australasia plus South America to begin with. In the vicariance model this is an earlier pattern which must have been in existence before the break-up of Gondwanaland, with the reasonable implication that the Gondwanaland flora was spatially heterogeneous. Although many authors, such as Hay (1992) , support the idea that species distributions may be tens of millions of years old, it should be noted that the distributions can be this old, without the actual taxa currently holding the distributions being of such great age-the distributions could have been inherited from now extinct ancestral forms.
The affinities of Abrotanella and its relatives define several intercontinental areas of endemism, for example: Australia-southern New Guinea; northern New Guineawestern USA-Chile; east Tasmania-Chile; west Tasmania-Auckland IslandsCampbell Island-Fiordland; Stewart Island-southern Chile. Such precisely interlocking distributions at both intercontinental and local scales are surely the antithesis of casual or chance dispersal. Similar patterns occur in many groups, such as the genus Euphrasia L. (Scrophulariaceae) (Fig. 12) in which a vicariance interpretation for the sections of the genus was supported by Barker (1982) and Heads (1994a) .
Abrotanella shows clear examples of vicariance, disjunction and endemism that deconstruct geographical areas traditionally regarded as 'centres of endemism', such as New Guinea, Tasmania, New Zealand and Patagonia. By accepting these areas of endemism and using fossil age as maximum taxon age, Swenson & Bremer (1995 , 1997a inevitably concluded that the distribution of Abrotanella is 'convoluted' and 'homoplastic', and that long-distance dispersal is responsible for many aspects of its distribution, despite the absence of a pappus. This is to understate the considerable phylogenetic, biogeographic, ecological and conservation significance of these plants. The results of the present study suggest, in contrast, that Bentham (1873b) and Turner's (1977) vicariance interpretation of Compositae biogeography is easily applied to patterns in Abrotanella. Swenson & Bremer (1995) referred to the vicariance debate of the last few decades and wrote that: "Despite the distance many intriguing trans-Pacific distribution patterns, some probably reflecting geohistorical events, are found within extant organisms, not least within the flowering plants." The authors are clearly not fundamentally averse to the idea of vicariance, indeed they find it 'intriguing'. They cannot accept it in Abrotanella only because they have not fully analysed and integrated the cladograms and the distribution patterns, and using age of fossils to estimate age of taxa is fraught with problems. The split sequence of Gondwanaland may well be incongruent with the taxon cladogram simply because the terminal areas of endemism used are inappropriate and the biologically relevant accretion events are not the same as a simple split sequence. Swenson & Bremer (1997a) also discussed the striking repetition in Pacific distributions: "There are many groups with common distributions presumably resulting from the same geohistorical processes. Identification and explanation of such common distribution patterns are main goals of historical biogeography . . .". If this is true, it is puzzling that Swenson & Bremer could identify no common patterns in Abrotanella, finding rather that the distributions are 'convoluted' and 'complex', with the supposed incongruence best explained by long-distance dispersal. Instead, it is suggested here that thanks to Swenson's painstaking revision the biogeography of Abrotanella can be shown to involve minimal convolution, with intercontinental affinities dove-tailing to a very high degree with local distributions. Local distribution and even ecology appear to be largely determined by Mesozoic, intercontinental distribution patterns (cf. Ricklefs & Schluter, 1993) . At both large and small spatial scales there is a high degree of congruence between biogeography and tectonic features such as transform faults, fracture zones, and regions of terrane accretion, granite emplacement and orogeny. Biogeography and tectonics still have a great deal to learn from each other.
